Abstract-A crude extract of Crypthecodinium cohnii and its main component,
It is well-known that marine algae contain various biologically active compounds (1) (2) (3) . In an attempt to find out a substance which exhibits antiulcer activity, we examined crude extracts of several marine dinoflagellates, using experimental gastric lesion models. In an early screening test, we found that the extracts of Crypthecodinium cohnii (C. cohnii) significantly protected the gastric mucosa against necrotizing agent-induced gastric lesions in rats. One of the components of this extract is dimethyl-Q-propiothetin (2 carboxyethyl dimethyl sulfonium chloride, DMPT, mw 170.5) (4, 5) . Therefore, we herein report the effects of both the crude extract and DMPT bromide on HCI•ethanol induced gastric lesions and basal gastric secretion in rats.
Male Sprague-Dawley rats (240-260 g, Nihon Charles-River) were fasted for 24 hr in raised mesh-bottom cages before the experi ments. Water was given freely for the initial 22 hr, but was withheld for 2 hr before the start of the experiments.
Gastric mucosal lesions were produced by giving p.o. 1.0 ml/ 200 g of body wt. of 60% ethanol (v/v) in 150 mM HCI (HCI•ethanol) (6) . The animals were killed 1 hr later, and their stomachs were removed. After removal of the gastric contents, the stomachs were inflated by injecting 8 ml of 2% formalin (v/v) and then immersed in 2% formalin for 10 min. The stomachs were then incised along the greater curvature and examined for lesions in the glandular region. The length (mm) of each lesion was determined under a dissecting microscope (x10) with a square grid, and each length was summed per stomach. The test compounds or the vehicle alone were given p.o. or s.c. 0.5 hr before HCI•ethanol administration.
To examine the influence of dilution of the necrotizing agent, the volume of the gastric contents was determined 0.5 hr after administration of the test compounds. The possible participation of endogenous prostaglandins in the mechanism underlying the protective effect of the test compounds against HCI-ethanol -induced lesions was examined.
Indomethacin (Sigma, 5 mg/kg, suspended in saline with a minimal amount of Tween 80) was given s.c. 1 hr before HCI ethanol administration.
This dose of indo methacin is known to markedly reduce gastric mucosal prostaglandin level through the inhibition of cyclooxygenase (7) . The rats were killed 1 hr afterthe HCI•ethanol adminis tration to examine any lesions. The test compounds or the vehicle alone was given p.o. 0.5 hr after indomethacin administration (i.e., 0.5 hr before HCI ethanol adminis tration). Gastric secretion studies were per formed using the pylorus ligation preparation. Under ether anesthesia, the abdomen was incised and the pylorus was ligated. Four hours after the ligation, the animals were killed, and the gastric contents were collected and analyzed as to volume and acidity. Acidity was determined by automatic titration of the gastric contents against 0.1 N NaOH to pH 7.0 (Comtite-5, Hiranuma). Acid output was expressed as ,aEq/hr. The test compounds or the vehicle alone were given 0.5 hr before the pylorus ligation. Crude ex tract of C. cohnii was obtained as follows: The algae were cultivated at 27'C in a betain free medium (4) . The cells were harvested by centrifugation from a 7-day-old culture (130 I). After suspension in 70% ethanol, 520 g of wet weight cells was broken by ultra sonication.
The supernatants obtained by centrifugation twice at 7,000 rpm for 10 min were mixed with the same volume of distilled water and then washed with ether. This crude extract contained about 400 mg of DMPT/ml, indicating that a dose of 0.25 or 0.75 ml/kg of the extract corresponds to about 100 or 300 mg/kg of DMPT, re spectively.
This extract was dissolved in saline and given at 0.5 ml/100 g of body wt. DMPT bromide (mw 214.9) was kindly provided by Shionokoryo Co. Student's t test was used to determine the statistical sig nificance of the data, a P<0.05 value being regarded as significant. ED50 values (the doses which inhibit gastric lesions by 50%) and 95% confidence limits were determined. All data are means±S.E.
The gastric mucosa was severely damaged 1 hr after p.o. administration of HCI ethanol. When the crude extract was administered p.o., it significantly and dose-dependently protected the gastric mucosa against HCI• ethanol-induced lesions (Table 1 ). At 0.75 ml/kg, the development of gastric lesions was markedly prevented, the inhibition being 90.5%. The ED50 value for protection was 0.120 ml/kg (48.3 mg/kg as DMPT). Similar to the extract, DMPT bromide administered p.o. significantly and dose-dependently pro tected the gastric mucosa against lesions. The ED50 value was 112.0 mg/kg (64.0 mg/kg as DMPT. However, DMPT bromide admin istered s.c. at 300 and 600 mg/kg had no effect on the lesions. In the indomethacin treated animals, both the extract and DMPT bromide also significantly protected the gastric mucosa against lesions. However, the degree of inhibition by both compounds was reduced to some extent compared with that observed in the normal group. The ED50 values for the extract and DMPT bromide were 0.451 ml/kg (180.4 mg/kg as DMPT) and 263.4 mg/kg (165.4 mg/kg as DMPT), respectively. The gastric contents determined 0.5 hr after administration of 0.25 and 0.75 ml/kg of the crude extract amounted to 0.2± 0.1 and 0.6±0.1 ml/stomach (n=5), respec tively. In the control group, there were no detectable contents 0.5 hr after adminis tration of the vehicle alone.
Four hours after pylorus ligation, about 5 7 ml of gastric contents was observed in the stomachs of control animals. The crude extract, administered at 0.075 and 0.25 ml/ kg, tended to increase the volume of gastric contents, without any appreciable influence on acidity ( Table 2) . The acid output, how ever, was significantly increased at the dose level. At 0.75 ml/kg, the volume and acid output were significantly increased compared with those in the control groups by about 60-68%. DMPT bromide dose-dependently and significantly increased the volume and acid output, these parameters being nearly double the control values when 600 mg/kg was administered.
These results indicate that the crude extract of a marine dinoflagellate has potent activity as to protection of the gastric mucosa of rats against a necrotizing agent. The underlying mechanism remains unknown at present. The gastric contents remaining 0.5 hr after administration of 0.75 ml/kg of crude extract amounted to about 0.6 ml/stomach. Therefore, there is a possibility that the HCI• ethanol solution was partly diluted by the contents. In our experience, however, such a gastric content would not have much in fluence as to protection of the gastric mucosa (8) . Pretreatment with indomethacin reduced the protective effect observed with the crude extract to some extent, thereby sug gesting that endogenous prostaglandins in the stomach might be partly involved in the protective mechanism. These results suggest that the extract might partly act as the so called "mild irritant" (7) . Of interest was that DMPT bromide by itself had a dose dependent antilesion activity on HCI•ethanol induced lesions. The effect of DMPT bromide was much the same as that of the crude extract, as shown by the identical ED50 values. Therefore, it is most likely that the biologically active component of the crude extract is DMPT. It was noted that DMPT bromide had no anti-lesion activity when administered by an s.c. route. In addition, the protective activity of DMPT bromide was also reduced by pretreatment with indomethacin. Taken together, it was clear that both the extract and DMPT bromide act locally to protect the gastric mucosa of rats, partly by acting as a mild irritant. However, the pro tective activity with the higher doses of these agents remained high (more than 75%) despite of the indomethacin treatment. As the consequence of these observations, these agents appear to principally act on the gastric mucosa through a mechanism other than being a mild irritant.
Concerning gastric secretion, it was found that both the crude extract and DMPT bromide significantly stimulated gastric secretion 4.5 hr later, particularly the volume of gastric juice. It is unknown whether this stimulatory activity is due to local action on the gastric mucosa or a systemic reaction. DMPT bromide, given at 100 mg/kg, sig nificantly protected the gastric mucosa without influencing the gastric secretion. Accordingly, this gastric stimulatory effect would not reduce the beneficial effect of DMPT toward the stomach, as long as an appropriate dose is used.
Methylmethionine sulfonium chloride (MMSC) is a commonly used antiulcer drug, which was originally discovered in terrestrial vegetables such as cabbage, onion, etc. (9), but it has not been found in microalgae or macroalgae (10) . The pharmacological effects of MMSC with regards to the development and healing of experimental gastric lesions were reported by several investigators (11 13 
